U.V. scanning may readily be performed on unstained agar-gel strips in the dry state. Polyacrylamide gels tend to become brittle if dried; whether they can be reliably scanned in the undried state, as unstained strips or columns, depends on whether there are troubles due to deformation of the pattern when the gel is manipulated, or to optical opacity. With proteins, if not with RNA, u.v.-sensitivity in relation to polyacrylamide 'background noise' may be hopeless. Dye-binding methods are therefore customary, despite interpretative complications due to differences among macromolecules in dyebinding capacity. At least it seems best to avoid the additional interpretative uncertainties that are inherent in the use of columns as distinct from slabs.
Apparatus for gel scanning
Commercial apparatus for transmission or reflectance measurement of separated constituents on a flat surface may have been developed primarily for chromatography or cellulose acetate electrophoresis. It may likewise cope with gels, but the interpretative validity of the results should not be taken on trust and is hardly likely to have been established by the manufacturer. (One sales sheet for a multi-purpose instrument mentions its ability to measure extinction values as high as 4!) With this reservation about verifying validity, a 'dedicated' instrument in the cost range L500 (plus recorder) to E5000 may be a good investment for a laboratory busily engaged in gel work; the more expensive instruments will have monochromation and an integration facility. Otherwise one may plan to utilize spare time on a conventional recording spectrophotometer and acquire a gel-scanning attachment. A few such attachments have been marketed for particular spectrophotometers, and home-made types have been described (e.g. Cartright & Jeynes, 1972a,b).
A possible future development concerns the wherewithal for pattern recognition. This would be useful in connexion not only with polyacrylamide gel electrophorograms showing complex protein patterns, but also with 'two-dimensional' immunoelectrophoresis plates where a family of peaks appears in a gel bed containing antiserum. The actual quantitative determination of such peaks depends on the measurement of peak height or peak area. Gel electrophoresis of macromolecules, when transformed into a quantitative technique, can provide much more information than its original aim of simple fractionation. In this respect four different areas of development may be discerned: (1) analytical techniques giving quantitative parameters of the electrophoretic bands, namely (u) number, (b) shape of the absorbance profile, (c) mobility, ( d ) molecular size, (e) relative amount and (f) spectral characteristics; (2) procedures permitting metabolic studies of different electrophoretic fractions; (3) procedures permitting physicochemical studies of fractions in the gel ; (4) preparative techniques permitting the isolation of individual 536th MEETING, LONDON 569 fractions. The use of gel slabs should be adopted in the first three cases whereas gel columns are preferable in the last case.
Anker
To transform gel electrophoresis into a strictly analytical technique there are two requisites, namely (1) a suitable gel and (2) a scanning instrument.
With regard to the gel the following requirements are important: (1) the gel matrix should not adsorb the components to be separated; (2) the gel should be transparent to U.V. light; (3) techniques for obtaining dry films from the gel should be available. These points are partly satisfied with agar, agarose and polyacrylamide gels both in water and in formamide.
In our experience agar contains not only negatively charged groups interacting with proteins but also small amounts of impurities adsorbing nucleic acids (Staynov, 1972) . As a consequence erroneous results on mobility and size can be obtained when a fraction is present in a very low concentration and is revealed by labelling only.
Techniques of transformation of gel slabs into dry transparent film suitable for scanning and radioautography have been developed in our laboratory for agar, agarose (Tsanev, 1962 (Tsanev, , 1965 Tsanev & Staynov, 1964) and polyacrylamide both in water and in formamide (I. Mladenova & R. Tsanev, unpublished work).
The scanning instrument should be able: (1) to resolve all electrophoretic fractions; (2) to produce quantitative results in extinction units; (3) to cover the visible and the U.V. range; (4) to assure a strict synchrony between scanning and recording; (5) to compensate for any fluctuations in light-intensity ; (6) to have high enough sensitivity. Such an instrument has been constructed in our laboratory (Tsanev & Staynov, 1964; Staynov & Stainov, 1969) . The main parts consist of: (1) source of visible and U.V. light; (2) monochromator; (3) optical box splitting the light into two beams, i.e. the scanning and reference beams; (4) electrophoretogram holder; (5) double chopper modulating the two beams with different frequencies; (6) photomultiplier receiving both beams; (7) two resonance amplifiers and logarithmic devices for each beam; (8) driving axis connecting the motor of the recorder with the moving electrophoretogram holder; (9) recorder. With this instrument quantitative parameters can be obtained with regard to the amount of different fractions, the shape of their absorbance profile and their spectral characteristics. On the other hand a precise superimposition of absorbance profiles and blackening of radioautographs is possible. An important constructive detail of this instrument is that it does not follow the classical construction of microphotometers, where the image of the illuminated object is thrown on a slit in front of the photomultiplier. In such a case the width of the slit determines the area of the gel measured. This construction is not suitable for thick and light-scattering objects such as gels. In our instrument the slit is in front of the gel and only that area of the gel is illuminated whose extinction is to be measured. In this way no scattered light from other areas of the gel falls on the photomultiplier. Quantitative and spectral measurements are possible only if (a) the spectral characteristics of the components in the dry films are known and (6) Beer's Law is valid. Our results for RNA, DNA, ribonucleoproteins and nucleotides show that their spectral characteristics in dry agar and agarose films are the same as in solution (Tsanev & Staynov, 1964; Tsanev, 1965) . Precise measurements with different nucleotides show a slight red shift of about 1-2nm and hypochromism of about 5-10% (R. Tsanev, unpublished work). Moreover, an important property of dry films is that spectral changes of nucleic acids and their derivatives induced by changing pH are preserved after drying of the gel (Tsanev & Staynov, 1964) . Our quantitative measurements show that the Beer's Law is valid within the concentrations of nucleic acids usually used in electrophoretic studies (Tsanev & Staynov, 1964) . These findings show that under standardized conditions all spectral measurements on dry agar or agarose electrophoretograms can be strictly quantitative.
The conservation in the dry agar film of changes induced by changing pH reveals new area of application of this technique. By measuring one and the same dry film pretreated with buffer solutions of different pH, difference spectra of nucleic acids and nucleoproteins can be obtained that permit the estimation of base composition of nucleic acids VOl. 1 and interaction between nucleic acids and proteins (R. Tsanev, unpublished work). Studies of this type can easily be combined with quantitative measurements of the adsorption capacity of the fractions. Examples illustrating this area of application show the possibility of studying the spectral properties and interactions of nucleic acids and nucleoproteins at low pH values that are impossible in solutions owing to the precipitation of these substances.
Together with the possibility of relating the size of a component to its mobility in agar gels (Hadjiolov et al., 1966; Tsanev et al., 1969) and in formamide gels (Staynov et al., 1972) and the quantitative determination of the incorporation of labelled precursors (Tsanev et a!., 1966) In designing an apparatus for preparative-scale electrophoresis on polyacrylamide gel the aim is to obtain maximum resolution while at the same time recovering the separated material without excessive dilution or partial remixing. The apparatus should also be as simple as possible to set up. Usually recovery of the separated components is achieved by passing a continuous stream of buffer across the lower surface of the gel while electrophoresis is in progress. To prevent the material from migrating further towards the electrode either the direction of the flow of buffer is designed to counteract this movement or a semipermeable membrane is used. A major disadvantage of the continuous-flow method, especially in the larger type of apparatus, is that it leads to excessive dilution of the emerging material with the result that detection of minor components by the usual type of U.V. absorptiometer is impracticable.
The apparatus described by Brownstone (1969) , which uses intermittent collection, has now been in use for 5 years and improved resolution has been obtained by provision of heat-insulated walls for the tube containing the gel. Gels having diameters of 6, 9 and 14.5cm and from 4 to 6cm in length have been used, depending on the quantity and complexity of the mixture to be resolved.
The gel cylinder is cast in a Perspex mould and for the run it is transferred to a glass or Perspex tube, the diameter of which is slightly less than that of the mould. The lower end of the tube is closed by a dialysis membrane, which supports the gel. This tube is partially immersed in a tank of cooled buffer solution, which is pumped into the space above the gel and overflows back into the tank via a hole in the wall of the tube. In the improved version of the apparatus the walls of the tube in the region of the gel are fitted with a Perspex jacket to prevent, as far as possible, heat losses from the side of the gel. Since cooling takes place only from the upper and lower surfaces of the gel cylinder, band distortion due to radial temperature gradients is practically eliminated. The temperature at the centre of a gel 6cm longx9cm diameter will reach 15-18°C
